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MISSISSIPPI RIVER ECOLOGY
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Dr. Calvin R. Fremling
Department of Biology
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Corps of Engineers
St. Paul District
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Fountain City,
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Fountain City
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PROGRAM FOR THE DAY
8:00 -

8: 50

River geology. Ecological condition of the river and its watershed
when the white man arrived. Illustrated lecture.

8:50 -

9:00

Stretch break and question period.

9:00 -

9:45

River history from 1823 to 1935. Steamboating, logging, channelization projects, pearl button industry. Illustrated lecture.

9 :45 - 10: 15

Coffee break and question period.

10:15 - 10:55

Early abuse of the watershed and its relation to floods prior to
1940 . Mo vi~ "The River."

10:55 - 11:05

Stretch break and question period.

11:05 - 12:00

The 9-foot channel project and its ecological impacts. Sewage
disposal, water quality, power generation. Illustrated lecture.

12:00 -

1:00

Lunch

1:00 -

1: 30

Movie "Ecology of An Aquatic Insect:

1: 30 -

2: 30

Direct and indirect impacts of dredged material placement on wetland habitats. Agriculture's impacts on the river. How can the
Corps of Engineers fulfill its operational responsibilities and
enhance the ecology of the river? Illustrated lecture.

2: 30 -

3 :00

Coffee break and question period.

3:00 -

4:00

A case history. Side-channel modification studies in the WeaverFountain City Bay area.

The Mayfly."

GEOLOGICAL HISTORY OF LAKE WINONA*
by Calvin R. Fremling
About 400 million years ago, when the earth was already
ancient, the Winona area rested at the bottom of a sea, the
sediments of which would eventually form most of the continent
of North America (Fig. 2-1). Sediment, eroded from existing
primordial continents, gradually accumulated on the sea floor
for hundreds of millions of years, ultimately to form the dolomite, sandstones, and shales composing the bluffs of sedimentary
rock which presently loom over Winona.
The earth's pliable crust heaved imperceptibly, but constantly,
in those days as it does now. When the crust subsided, the sea
deepened and allowed limey sediments and shells of primitive animals
to accumulate in its quiet depths - eventually to become the dolomite which is quarried as building stone called Oneota dolomite or
Winona Travertine. Sand, the precursor of sandstone, was layed
down in beach areas when the crust rose and made the sea shallow
so that its sediments were washed and sorted by the pounding of
the surf. Alternating layers of dolomite, sandstone and shale in
the Winona bluffs tell us that the sea bottom rose and fell many
times.
During the past several hundred million years, the earth's
crust throughout most of central North America rose above the level
of the sea to its present elevation, thus exposing the ancient
sedimentary rocks to erosion. As the land uplifted, the Mississippi
River and its tributaries incised their way downward through the
soft sedimentary rock strata to form the complex river system which
now drains about two-thirds of the continental United States.
Approximately one million years ago, the first of several
episodes of continental glaciation began. Apparently, the last
three glaciers scarcely touched southeastern Minnesota, but earlier
ones did. Most of the evidence of the earliest glacial episodes
has been destroyed, however, by erosion. Occasional massive boulders
of igneous or metamorphic rock hidden deep within upland ravines
near Winona are the only remaining testament that the area was ever
glaciated. Because the surrounding bluffs and valleys have not been
recently scoured and rounded by glacial ice, and because there are
no significant upland deposits of glacial drift (rocks, gravel and
sand), the rugged landscape is spectacularly different from the
surrounding glaciated regions which lie less than 50 miles to the
east and 20 miles to the west of Winona.

*This account is derived mainly from Minnesotas Rocks and Waters
(Schwartz and Thiele, 1954), Environmental !~act Assessment Report
on the Flood Control Pro'ect and Waterfront evelo ment at Winona,
nnesota
rem ng, ar son, u
tz an
e sen,
an
nona
and its Environs on the Mississi i in Ancient and Modern Da s by
unne
.
any o t e concepts regar ng recent geo og cal
events in the Winona area are the result of unpublished research
done in collaboration with Dr. Dennis N. Nielsen, Dept. of Geology,
Winona State University.
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Map showing distribution of land and sea in the vicinity
of North America about 800,000,000 years ago. Note that
the North American continent, as we know it, did not exist
at that time and that the Winona area was covered by the
sea (adapted from Schwartz and Thiele, 1954).
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About 20,000 years ago, early in the most recent glacial
period, a great lobe of ice moved southwestward from the Lake
Superior basin and travelled as far as the present site of Fort
Snelling in St. Paul. Torrents of meltwater from this Superior
Lobe transported such volumes of coarse sand and gravel down the
Mississippi and Chippewa Rivers that both rivers were overloaded
with it and their valleys became filled to about the level of St.
Mary's College (Fig. 2-2, 2-3a).
Many tributary valleys were flooded by water which backed
into them from the sediment-laden glacial Mississippi River, and
because the current was slowed in these estuaries, deposits of
clays and other fine sediments were formed. The brickyards of
yesteryear were constructed in valley floors which contained such
deposits.
As deglaciation continued northward, the sediment load of the
river was reduced and the Mississippi was able to export sediment
faster than its tributaries brought it in. This resulted in
trenching of the earlier deposits. Terraces, or remnants . of the
elevated flood plain, were thus left along both flanks of the
Mississippi Valley. St. Mary's College is located on such a terrace.
A last glacial episode occurred only 14,000 years ago (just
yesterday in the geological time scale). Again, southeastern
Minnesota was scarcely touched as a glacial lobe advanced from the
northwest, passed west of St. Charles and extended southward as far
as Des Moines, Iowa (Fig. 2-2). The lobe eventually melted back
into the Red River Valley and, as it retreated, blocked its own
drainage route towards Hudson Bay via the Red River. Because of
this damming action, meltwater was ponded in front of the retreating
glacier, forming a vast lake that covered much of northwestern
Minnesota and parts of North Dakota, Ontario and Manitoba (Fig. 2-4).
This great lake, Glacial Lake Agassiz, became so full that is spilled
over its southern rim and into the Minnesota River Valley, forming a
large river called the Glacial River Warren (Fig. 2-4). The River
Warren was many times larger than the present Minnesota River, but it
carried little sediment. The Glacial St. Croix River added overflow
from Glacial Lake Superior, rendering the sediment-hungry River Warren
capable of carrying all the sediment which was added to it by tributary streams - with still enough erosive ability ·to deepen the
Mississippi channel by as much as 300 feet (Fig. 2-3b).
As the most recent glacier retreated into Canada, its meltwaters were once again able to drain to the north through the Red
River, and the great River Warren lost the massive water supply
formerly contained in Glacial Lake Agassiz. At this time, only
about 9,000 years ago, the modern Mississippi and Minnesota Rivers
came into being. As glacial ice melted in eastern North America,
the Great Lakes were able to drain freely through the St. Lawrence
River into the Atlantic Ocean. Consequently, the level of Lake
Superior dropped until it no longer overflowed into the Mississippi
via the St. Croix River.
·
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Map showing glaciated and unglaciated portions of Minnesota and Wisconsin
in the vicinity of Winona.

•• r . ....

Fig. 2-3

Conceptual drawings of the Mississippi River valley
at Winona, Minnesota showing the geological history
of Lake Winona. Drawings by C. R. Fremling, 1977.
a-Mississippi valley filled with glacial sediment.
b-Valley scoured by the Glacial River Warren. Note
the terraces which flank the river. c-Valley refilled with sediment from tributaries subsequent
to the Glacial River Warren episode. Note the channel
along the left (Minnesota) side of the valley. d-Sidechannel segmented by alluvial fans of tributaries to
form Lake Winona and Boller Lake.
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Map showing Glacial Lake Agassiz formed by meltwaters
of the retreating glacier which blocked normal drainage
into Hudson Bay. Overflow from Glacial Lake Agassiz
drained into the Mississippi via the Glacial River Warren.
Flow in the Mississippi was further augmented by overflow from Glacial Lake Superior via the St. Croix River.
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Because the volume of flow of the Mississippi was drastically
reduced, and because its gradient was so gradual, the river once
again lost its ability to transport the sediment load carried in
by its steep-gradient tributary streams. As a result, the valley
slowly filled with sediment to its present elevation (Fig. 2-3c).
Tributary rivers (especially the Chippewa) overloaded the Mississippi
with sediment and the Mississippi changed from a single channel to
a braided river consisting of many small, intertwined channels.
The City of Winona lies atop a large sand bar which formed between
two such channels. Even though the city lies in an "unglaciated"
area, it owes its location to the glacial till which was washed
into the Mississippi from tributary streams. The gravel, for
example, which is quarried on the upstream end of the sand bar is
rich in Lake Superior agates and igneous and metamorphic rocks not
formed locally.
Within the last several thousand years, erosion of the surrounding highlands has resulted in the formation of alluvial fans
at each point where a tributary stream carries sediment into the
Mississippi River Valley. Thus, an old channel of the Mississippi,
which ran between Winona and the Minnesota bluffs, was cut off
from the rest of the river by deposition from Rollingstone Creek
on its upstream end and by deposition from Burns and Pleasant Valley
Creeks on its downstream end (Fig. 2-3d).
Gilmore Creek added much of its own sediment at about midpoint,
dividing the long, isolated channel into two lakes - known today
as Lake Winona and Boller Lake. When the first white man arrived
at Winona, Lake Winona was a marshy lake which was connected to
the river at its downstream end during flood time. Because of
severe soil erosion during the late 1800's, the alluvial fans of
the various creeks increased in size, thus further separating Lake
Winona and Boller Lake from each other and from the river. The
raising of Mankato Avenue finally separated Lake Winona completely
from the river during normal water levels. As late as 1852, however,
steamboats passed through Lake Winona and the present site of Westfield Golf Course on their way up Crooked Slough during flood time.
There is a persistent myth that Lake Winona was formed when a
large load of rock destined for court house construction sank and
blocked an old river channel. The large load of rock did sink, but
in Bathhouse Slough on the Wisconsin side of the river just north
of Latsch Island (Bunnel; 1897, pp. 402-403). The episode had much
to do with the development of Winona, but it had nothing to do with
the creation of Lake Winona .

7

TIIE WINONA AREA AS A PRAIRIE

The following quotes demonstrate that the Winona area was predominantly
prairie when the white man arrived.

Indians burned the prairies as a form of

game management.

The grasslands, in turn, were inhabited by grazing animals such

as elk and bison.

The quotes also present excellent descriptions of the prairies

of North America.
Zebulon Pike, on an official exploratory journey for the U.
passed through the Winona area on September 14., 1805.

s.

Government,

He stood on a bluff on the

Minnesota side of the river and described the scene below.
We now passed the mountain which stands in the river, called
by the French "Trempealeau" (the mountain which soaks in the
river".) We proceeded on to the Prairie l'Aile, on the west. Mr.
Frazer, Bradley, Sparks, and myself, went out to hunt; we crossed
first a dry flat prairie; when we arrived at the hills we ascended
them, and had a most sublime and beautiful prospect. On the right
we saw the mountains which we had passed in the morning, and the
prairie in the rear; and, like distant clouds, the mountains at the
Prairie de La Crosse, on our left, and under our feet, the valley
between the two barren hills, through which the Mississippi winds
in numerous channels, formed many beautiful islands, as far as the
eye could embrace the scene. Our four boats under full sail, their
flags streaming before the wind, formed altogether a prospect so
variegated and romantic as one may scarcely expect to enjoy more
than twice or thrice in .the course of his life. I proposed keeping
the hills until they led to the river, encamping, and waiting the
next day for our boats; but Mr. Frazer's anxiety to get to the
boats induced me to yield, and after crossing a very thick bottom,
fording and swimming three branches of the river, and traversing
several morasses, we, at twelve o'clock, arrived opposite our
boats, which were moored on the eastern side; we were conveyed over
to them. We saw frequent signs of elk, but had not the good fortune
to come across any of them: my men saw three on the shore. Distance advanced, twenty-one miles. • • • • •
In the division of the Mississippi which we had passed from
La Prairie des Chiens, the shores are more than three-quarters
prairie on both sides, or, more properly speaking, bald hills,
which, instead of running parallel with the river, form; a continual succession of high perpendicular cliffs and low valleys;
they appear to head the river and to traverse the country in an

angular direction. These hills and valleys exhibit some of
the most romantic and sublime views I ever saw; but this irregular scenery is sometimes interrupted by a wide extended
plain, which brings to mind the verdant lawn of civilized
regions, and would almost induce the traveller to imagine
himself in the centre of a highly cultivated plantation.
The timber of this division is generally birch, elm, and
cotton wood, all the cliffs being bordered by cedars.
Lafayette Bunnel was an early resident of the Winona area.

In 1897 he

discussed the burning of the prairies.
After a very cold spell until late in the fall, that
had closed Lake Pepin, there came several days of mild, dry
weather, and then a sudden change and a strong westerly wind.
In a few hours, time it was almost as dark as night. All of
the men folks were away but myself, and I had but just returned, when Matilda told me that she did not know what to
do with Mrs. Kennedy, for the coming darkness and smoke had
led her to think that the world was coming to an end sure
enough. Just then an old squaw with some of her people
came up to the house, and asked what was the matter, and
Mrs. Kennedy told her. Indians do not swear, but they have
strong expressions of contempt, and the Sioux woman withheld
none in her language and ended her harrangue by saying:
"Thou foolish white woman, canst thou not smell the burning
grass of our buffalo prairies? Thinkest thou that our
people are fools not to prepare early food for them?"
And Mrs. Kennedy was cured. It was the best Indian remedy
I ever saw applied. • • • •
At that early period the arboral growths along the entire
lines of bluffs that wall in the course of the Mississippi,
had been kept back by the annual fires that in the spring time
or in May, were us~lly set by the Indians to keep down the
herbage to a fresher growth, and make the hunting of the
game thus attracted easier for the hunter. Those fires, running to tops of bluffs and meandering the courses of little
streams and valleys, had great interest for those going up
the river by night for the first time, and one is well described by a writer in Neill's history as follows: "It was
perfectly dark, and we were at the mouth of the river !away,
when we saw at a great distance all the combined images of
the infernal regions in full perfection. I was on the point
of exclaiming with Michael Angelo, 'how terrible but yet how
beautiful!' The venerable trees of these eternal forests were
on fire, which had conununicated to the grass and brushwood,
and these had been borne by a violent northwest wind to the
adjacent plains and valleys. The flames, towering above the
the tops of the hills, where the wind raged with most violence,
gave them the appearance of volcanoes at the moment of their
most terrific eruptions; and the fire, winding in its descent
through places covered with grass, exhibited an exact resemblance to the undulating lava of If: tna or Vesuvius. Almost
all night we traveled by the light of this superb torch."

George Catlin spent the years of 1832-1839 visiting the indian tribes of
the American West.

His main purpose was to make paintings and drawings which

depicted indians and their way of life.

His diary, however, contains excellent

descriptions of the areas that he visited.

His descriptions of the short grass

prairies of Montana are particularly eloquent.
We were six or seven days in performing this march; and it
gave me a good opportunity of testing the muscles of my legs,
with a number of half-breeds and Frenchmen, whose lives are
mostly spent in this way, leading a novice, a cruel, and almost killing journey. Every rod of our way was over a continuous prairie, with a verdant green turf of wild grass of
six or eight inches in height; and most of the way enamelled
with wild flowers, and filled with a profusion of strawberries.
For two or thr6e of the first days, the scenery was monotonous, .
and became exceedingly painful from the fact, that we were (to
use a phrase of the country) "out of sight of land," i.e. out
of sight of anything rising above the horizon, which was a
perfect straight line around us, like that of the blue and
boundless ocean. The pedestrian over such a discouraging sea
of green, without a landmark before or behind him; without a
beacon to lead him on, or define his progress, feels weak and
overcome when night falls; and he stretches his exhausted limbs,
apparently on the same spot where he has slept the night before,
with the same prospect before and behind him; the same grass,
and the same wild flowers beneath and about him; the same
canopy over his head, and the same cheerless sea of green to
start upon in the mo~ng. It is difffcult to describe the
simple beauty and serenity of these scenes of solitude, or the
feelings of feeble man, whose limbs are toiling to carry him
through them-without a hill or tree to mark his progress, and
convince him that he is not, like a squirrel in his cage, after
all his toil, standing still. One corrunences on peregrinations
like these, with a light heart, and a nimble foot, and spirits
as buoyant as the very air that floats along by the side of him;
but his spirit soon tires, and he lags on the way that is rendered more tedious and intolerable by the tantalizing mirage that
opens before him beautiful lakes, and lawns, and copses; or by
the looming of the prairie ahead of him, that seems to rise in
a parapet, and decked with its varied flowers, phantom-like,
flies and moves along before him.

THE ECOLOGY OF POLLUTED WATER

by Calvin R. Fremling
Winona State University
I.

Polluted water - its effects on people.
A. Sickness.
1. The followingdiseasesmay be transmitted via polluted water - if the
pathogenic organisms are present in the water.
a. Typhoid fever.
b. Paratyphoid fever.
c. Hepatitis. The virus which causes this disease may be concentrated
by oysters and clams which live in polluted estuaries.
d. Amebic dysentery.
e. Shigellosis (bacillary dysentery).
f. Diphtheria.
g. Salmonellosis.
h. Cholera.
i. Leptospirosis.
2. Coliform test for fecal contamination. Coliform bacteria are normally
found in the colon (large intestine) of man and other animals. They
indicate by their presence that excrement (not always human) probably
is present in the water. The presence of coliforms indicates that
pathogens could also be present. Coliform counts are routinely made
of milk, other beverages, well water, swimming pools and bathing beaches.
3. Nitrate poisoning - nitrate fertilizers often contaminate ground
waters. Nitrate poisoning may cause methemoglobinemia in humans.
Methemoglobinemia is a condition wherein red blood cells are unable
to transport oxygen to their full capacity.
B. Decreased recreational values. Who wants to swim or fish in polluted water?
C. Aesthetic. Who wants to· view a river which has debris and foam floating
on it - even though the debris and foam may not be poisonous?

II.

Polluted water - its effects on aquatic life.A. Direct poisons.
1. Heavy metals such as copper, zinc, lead, manganese, cadmium, mercury
and chromium kill by blocking enzyme systems. They are introduced
mainly by metal processing industries.
Mercury, however, has excellent
disinfectant properties and it has been used for many years in paper
mills to control bacteria which thrive on wood sugars.
2. Biocides.
a. Insecticides - kill aquatic vertebrates as well as aquatic
invertebrates.
b. Herbicides - may kill algae and rooted aquatic plants. Herbicides
are contained in run-off from agricultural lands and lawns.
c. Transmission through food chain - Chlorinated hydrocarbons such
as DDT(and PCBs) may be concentrated as they pass upward through
the food chain. Long-lived carnivorous birds, such as bald eagles,
ospreys and falcons are especially vulnerable.

3.

B.

C.

D.

Deterge~ts

- apparently hinder oxygen transmission in gills of fish
by dissolving fat from gills. Soft (biodegradable) detergents often
release phosphorus to the environment thus stimulating the growth
of nuisance algae.
4. Acids and bases - aquatic organisms are very sensitive to pH changes.
The toxicity of heavy metals is increased at low pH.
5. PCBs. Polychlorinated biphenyls are chemical compounds similar to DDT.
They are fire resistant and extremely stable. They are used mainly
as fire retardants in the insulation fluids of electrical capacitors
and transformers. There are many types of PCBs. Like DDT, they may
be concentrated via the food chain.
6. Miscellaneous poisons - arsenic, cyanide, chlorine, phenol and countless other organics.
Biochemical oxygen demand (B.O.D.) substances - the bacteria which ferment
organic materials have very high metabolic rates. They rob the water of
dissolved oxygen, thus killing aquatic animals. The following is a list
of high B.O.D. materials and their main sources.
1. Milk and whey - creameries, cheese factories.
2. Blood - slaughter houses.
3. Sugar - paper mills, sugar beet processors, canneries.
4. Ground garbage - household or municipal garbage disposals.
5. Dead and respiring plants - dead algae have a high B.O.D. Algae and
aquatic "weeds" may consume more oxygen than they produce during winter
when ice and snow retard light penetration.
6. Excrement - humans, ducks, cattle.
7. Leaves from trees - may be carried to the lake by wind, by a stream
or by storm sewers.
8. Nitrites, sulfites, hydrogen sulfide - utilize oxygen directly in
oxidation reactions. Such substances create a C.O.D. (chemical oxygen
demand).
Fertilizers.
1. Nitrogen, phosphorus, potassium - cause proliferation of algae, and
rooted "weeds" hence premature death of lakes by enrichment (eutrophication)
2. Contribution of "soft" detergents. Biodegradable detergents may release
phosphorus as they ~ecompose. Phosphorus is often in short supply
in clear, soft water lakes. Algae blooms may result from phosphorus pollution.
Heated water (thermal pollution) - water is used to cool many industrial
processes. Electricity-generating stations produce massive amounts of hot
water because they use water to condense the steam which has been used to
turn the turbines which turn generators.
1. Thermal death. Heat denatures enzymes.
2. Decrease of dissolved oxygen. The solubility of a gas in a liquid is
inversely proportional to the temperature of the liquid. The warmer the
water the less oxygen it can hold.
3. Disruption of fish spawning runs. Salmon, for example, may halt their
upstream migration when they come to warm water.
4. Stimulation of rough fish populations. Carp, which thrive in warm water,
may replace northern pike and smallmouth bass.
5. Increased eutrophication. Heat speeds algal and "weed" growth.
6. Increased disease susceptibility - especially in cold-water fishes.
7. Increased metabolism. Heat causes bacteria to respire faster, thus
reducing the oxygen content of water. Fish and other organisms also
"live faster" in warm water, thus needing more oxygen.

E.

F.

G.

H.
I.

Radioactive.
1. Strontium-90, cesium-137, iodine-131, and zinc-65 - could be
released by nuclear generating plants. The isotopes emit destructive
ionizing radiation.
2. Concentration through the food chain. Those isotopes with long halflives may be concentrated in the same manner as DDT.
Oil.
1. Effects on water fowl. Oil reduces the buoyancy and insulating
qualities of feathers. It is poisonous when ingested. A watersoaked, fatigued, cold, nauseated duck doesn't last long.
2. Effects on aquatic organisms. As long as the oil stays on the
surface it may not be injurious. If dispersed by detergents,
however, it can be disastrous.
Sand and silt.
1. Sources - erosion from agricultural land (via water or wind), road
construction, housing projects, and natural causes. Erosion is
inevitable, but man hastens it.
2. Destroys habitat - decreases the surface area of rubble bottoms, thus
reducing the surface area available to aquatic animals. Dredging is
very costly. Consequently, a lake or backwater which fills with sediment
is usually gone forever.
3. Increases flood crests by lessening the storage capacity of river valleys.
4. Decreases light penetration.
Combined effect of many pollutants. While one pollutant may not be deadly,
a combination may be. Indeed, the total effect may be greater than the sum
of the individual effects (this is termed synergism).
Importance of indicator organisms - different aquatic animals have different
habitat requirements. They may indicate by their presence or absence, in a
body of water, the general quality of the water. Trout and walleyes,
for example, require high-quality water. Carp and bullheads, on the other
hand, can do well in much less.

GLOSSARY
THE ECOLOGY OF POLLUTED

i.;.r.,_ TER

Aesthetic -

~elating to things which are pleasing to the senses, especially those
things which are beautiful.
Al.gae - usually microscopic, chlorophyll-containing water plants. Filamentous
algae form green, "mossy" growths on submerged objects. Some types
of oceanic algae form large, grass-like plants.
Anaerobic decomposition - decomposition which takes place in the absence of oxygen.
Methane gas and hydrogen sulfide are products of this decomposition.
The smell of rotting eggs is due to hydrogen sulfide.
Bacteria - microscopic single-cell plants which are found in soil, water, organic
matter or in the bodies of plants and animals. Some are pathogenic,
but most are not.
Biochemical o.xygen demand - the amount of oxygen (expressed in parts per million
of oxygen) that is required to oxidize the oxidizable materials in a
liter of water. Usually abbreviated "B.O.D."
Biocide - a substance formulated to kill certain living things. Insecticides,
herbicides, fungicides and nematocides are examples of biocides.
Biodegradable - capable of being decomposed by living things. Sugar, milk, meat,
excrement, blood and cellulose are common examples.
Carnivorous - meat eater.
Chlorinated hydrocarbon - a substance containing carbon, hydrogen and chlorine.
In this sense, one of many insecticides such as DDT, dieldrin, benzene
hexachloride, etc. PCBs are also chlorinated hydrocarbons.
Chlorination - the disinfection of water by means of chlorine.
Coliform bacterium - type of bacterium which is found in the colon (large
intestine) of animals (some also live in plants, some are free-living).
Cooling tower - a chimney-like device in which an updraft evaporates water, thus
cooling it.
Denature - to alter the structure of a substance.
Detergent - synthetic organic compound which is chemically different from soap,
but resembles it in its ability to emulsify oils and hold dirt in
suspension.
Dissolved oxygen - that oxygen held in solution. It is not the oxygen of the
water molecule. Bubbles of dissolved oxygen-rand other gases) form
on the bottom of a pan of water as the water is heated.
Ecology - the study of plants and animals and their relationships to each other
and to their environments. Environmental biology.
Enzyme - any one of a·series of complex organic substances which regulate the rate
of chemical reactions in living things.
·
Estuary - that part of a river's mouth which is subject to the effects of the
sea's tides. The zone where salt water and fresh water mix.
Eutrophication - the process of fertilizing a body of water, thus encouraging
algae growth. Often referred to as enrichment.
Food chain - a sequence of organisms in which each uses the next lower member as
~
a food source.
Iry - newly hatched fish.
Half life - the time required for one-half of the atoms of an element to
~ ~
disintegrate.
Hard detergent - a detergent which is resistant to assimilation by bacteria.

(
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Heavy metal - high density metals such as copper, cadmium, zinc, nickel, mercury
and chromium.
Herbicide - a substance formulated to kill unwanted plants.
Hydrologic cycle - the process by which precipitation replaces water which
evaporates from the earth's surface.
Indicator organism - an animal or plant v.ith specifie habitat requirements. By
its presence or absence in a habitat it indicates the quality of the
habitat.
Inert - having no chemical or biological activity.
Insecticide - a substance formulated to kilJ :.nsects.
Invertebrate - an animal without a backbone (insects, crustaceans, etc.).
Isotope - any of two or more forms of a chemical element, nearly identical in
properties, but differing in atomic weight.
larva - the immature form of insects which have complete metamorphosis.
Mayfly - an aquatic insect belonging to the order Ephemeroptera.
Metabolic rate - the rate at which energy is expended in the body.
Midge - a ~l mosquito-like insect. The aquatic larval form inhabits rich ooze
bottoms and is pollution-tolerant.
Nitrate - a compound containing the NO radical.
Nymph - the immature form of insects ~ich have incomplete metamorphosis.
Parts per million - abbreviated ppm •. One ppm would be a milligram of a substance
dissolved in one liter (1000 grams) of water.
Pathogenic - capable of producing disease.
Ell - a measure of acidity or alkalinity. Values run from 0 to 14 with 7
representing neutrality. Numbers less than 7 represent increasing
acidity. Numbers greater than 7 represent increasing alkalinity.
Photosynthesis - the formation of carbohydrates in chlorophyll-containing plant
tissues which are exposed to light. Oxygen is liberated in the
reaction.
Pollutant - any substance which lowers the quality of the receiving water (or air,
soil, etc.).
Primary sewage treatment - process by which solid materials are removed from
sewage (usually by settling or filtration).
Putrescible - capable of rotting. .
Renewable resource - a resource capable of replenishing itself. Living things,
soil and water are renewable resources. Coal, oil and mineral ores
are non-renewable.
Respiration - chemical processes by which substances are oxidized within living
cells to provide energy •
.§!condary sewage treatment - process by which decomposable soluble substances are
removed from sewage (usually by bacterial action).
~ detergent - a detergent which can be assimilated by bacteria. .
Solvent - a substance (usually a liquid) capable of dissolving other substances.
Species diversity - the degree of variability among the species present in an area.
Sphaerotilis bacteria - a type of bacteria which produce slime.
Synergism - the cooperative action of two or more pollutants (the word means to
work together).
.
Tannin - complex, water-soluble,
brownish substances of plant origin (tea owes
its color to tannins).
Thermal - pertaining to heat.
1fater table - the upper limit of the portion of the ground which is wholly saturated with water. In a sandy lake region the water table is usually
at about the same level as the lake surfaces.
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MISSISSIPPI RIVER - 1999
by Calvin R. Fremling*
June 7, 1977
CREDITS - Dennis Nielsen, Darryl Simons, Chester Weldon, Roger McHenry, Jerry
Ritchie, John Verdon and 'nlomas Claflin
'nle Upper Mississippi River Valley and its tributary valleys are millions
of years old.

ntey were formed by the dissection of a sedimentary plateau which

has risen slowly out of the sea.

Acting within this ancient, deeply-incised,

dendritic drainage system have been the melt waters and sediments of continental
glaciers.

Geologically speaking, the glaciers were quite recent and several have

come and gone in the past million years or so.
Much of the river segment was not glaciated at all, but the impact of the
nearby glaciers was great.

Glacial sediments, carried in by tributary streams,

have choked the valley several times only to be scoured away again by torrents
of glacial melt-water.
About 10,000 years ago, for example, the Mississippi Valley and tributary
valleys were so filled with sediment that their floors were about 50 feet higher
than the present flood plain of the Mississippi.

When Glacial Lake Agassiz overflowed

down the Minnesota River it incised a channel about 150 feet deep into the old
Mississippi flood plain.

Remnants of the original flood plain can be seen as

aand terraces along both sides of the river and extending up tributary valleys.

When

Glacial Lake Agaaaiz finally drained northward into Hudson Bay, the Miaaissippi
lost most of its ability to carry sand.

This enabled steeper-gradient tributaries

to bring in sand faster than the Mississippi could remove it.

As a consequence,

the flood plain has been elevated to its present level.
Thua, the ancient Mississippi Valley has gone through repeated episodes of
aggradation and degradation - episodes of filling and flushing.
changes are inevitable and relentless.
atop them.

As

Such geologic

Man, as yet, does not have the power to

we shall see, however, he does have the power to accelerate or retard

them.
*Presented during panel discussion "Miasissippi River-1999" at annual meeting of Upper
Mississippi River Research Consortium, June 10, 1977, Winona State University.
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When the white man came, much of the upper river was a braided stream.

It

was quite stable because its rate of filling was equalled by its rate of scour.
Most of the flood plain and surrounding land was prairie, kept that way by Indians
who used fire as a game management tool.

Most of the Chippewa Valley was forested.

The tributary valleys were loaded with sediment and their streams had steeper
gradients than the Mississippi.

'nlus, the stage was

se~.and

clays were poised - ready to wash into the Mississippi.

the sand, silts and

Only a dense cover of

protective vegetation prevented it.
Then the white man plowed and grazed the prairie.
forest.

He logged and burned the

As a consequence, run-off and sedimentation increased.

It is axiomatic

that land use dictates the amount of water and fine sediment in a river.

Man's

activities in the Mississippi watershed have been equivalent to a great climatic
change.

By his land management practices, man increased run-off, sediment inflow

and flood crests. His early activities have since been supplemented by wetland
drainage and the waterproofing of the watershed with asphalt and concrete
Navigation dams made the river into a series of lakes which have provided many
benefits.

Unfortunately, however, they have served effectively as sediment traps.

The upper pools have been so

~ffective

in trapping sediment (especially from the

Chippewa) that the lower pools are starved for sediment and the river bottom there
is degrading.

In the upper pools sedimentation has been rapid - either by sand,

mud or the organic products of eutrophication.

For many years, sand was dredged

from the main channel onto channel banks-where it was readily transported into
the backwaters by floods.
So much for the past.

Sand was often pumped directly into the backwaters.
What about the future?

Several sedimentation studies

have shown that most quiet areas of the pools are filling rapidly with mud and that
their life expectancy may be as little as 50 years.
It is now obvious from the research of many investigators in this room that
each of the upper navigation pools will fill with sediment within the forseeable
future.

'

I believe that the filling will probably occur faster than is generally

predicted.

Past changes have not been obvious because they occurred beneath the

water's surface.

As sediment deposits emerge, however, and become vegetated, the

roughness of the flood plain will increase and the sedimentation rate may become
exponential.

Also, newly-formed islands will create a labrynth which will increase

the sediment trapping efficiency of the pools.
I feel that we cannot reverse the sedimentation of the upper pools - we can
only slow it down to make the resource last longer.

In 20 years, at the present

rate, I fear that we will have lost at least half of the original water surface of
the backwaters.

Much of the remaining 50% will be of marginal value for fish,

wildlife and recreation.

The end can already be predicted for Lake Onalaska - an

incredibly productive fishery and an invaluable habitat for canvasback ducks.

It

is apparently economically, biologically and physically impossible to save Lake
Onalaska.
Present islands in the pools will become larger and higher.
will have formed.

Many new islands

Consequently, the pools will lose much of their storage capacity

and it will become increasingly difficult to control flow for navigation.

I believe

that continued aggradation of the river bed will cause increased flood crests.
In an effort to slow inflow of sand into the backwaters, the Corps of Engineers
will find better methods of handling dredge spoil.
placed and it will be piled higher.
be armored and vegetated.
increased.

Sand will be strategically

Spoil piles will have steeper sides.

Some will

Efforts to export sand from the flood plain will be

Sand may also be transported to areas of degradati-0n in the lower pools

and in the lower river.

A sediment trap may be dug at the mouth of the Chippewa,

the main sand bearing stream of the area.

The eroding banks of the Cllippewa will

be stabliized to slow the rate of sand import.

Efforts will be increased to

initiate better agricultural conservation practices in the watershed.

The latter

will be hindered, however, by increased monocultural practices and increased
pressures on farmers to farm all land because of soaring land values and demands
for food.

The rate of habitat loss on the river will depend upon how rapidly corrective
measures can be initiated.

The situation is critical.

Time is short.

We presently have most of the technology needed to handle sand - by means such
as dredging and barging and protecting stream banks.

Mud, however, is primarily

a product of erosion of agricultural land and it presently cannot be managed once
it is in the Mississippi because it remains suspended so long and because it
easily penetrates the most remote backwater areas.

A third type of sediment con-

sists of organic plant and animal remains produced within the river itself.
type of sediment is the least deleterious of the three sediment types.

This

Efforts to

save the backwaters will be increasingly aimed at using vegetated barriers to keep
the river and its sediments ou,t of the backwaters.

Death of the backwaters by

eutrophication will be slower than death by filling with mud or sand.
Fishing and hunting pressure on the river will increase greatly in spite of
habitat loss.

Increased numbers of fishermen, for example, will invade the river

corridor from metropolitan Chicago via I-90 .

In much of the corridor, the most

important sport fish, based on pounds harvested, will be the sheepshead.
Highways will also change the landscape.

Pressure will increase to build

an additional two lanes of Highway 61 along Lake Pepin and a choice will have to
be made whether to run the highway along the bluff tops or within the lake adjacent
to the railroad tracks.

For economic, aesthetic and engineering reasons it will

probably be built in the lake.

It may even be desirable in some respects because

it will be enhanced by fishing piers, spawning areas, fish attractors and scenic
overlooks.
Fossil fuel power plants will also change the appearance of the river corridor.
There is presently a demand for huge electricity generating facilities in southern
Minnesota.

Although southwestern and southcentral Minnesota have been suggested

as possible sites for the fossil fuel plants, it is unlikely that they will be
located there because land values are extremely high and water supplies are

unpredictable.

Furthermore, the water supply situation will probably be

aggravated in those areas by demands for irrigation water.

Air pollution standards

will preclude plant location within the twin cities area.
The glacial sand terraces which flank the upper river will be prime sites
for location of fossil fuel power plants which require large expanses of relatively
inexpensive land for coal handling and water cooling.

Such plants also demand

large volumes of water to supplement that lost by blow down and through evaporation
from the artificial lakes of their closed circuit cooling systems.
will be extremely large.

'nle power plants

By 1999, for example, I would guess that southeast

Minnesota will have at least one 1600-megawatt plant - somewhere between Red Wing
and Weaver.

Such a plant would dwarf any present plant in Minnesota.

The new

power plants will increase rail traffic 10-fold along the river because they will
be required to burn low-sulfur western coal .

Barges will not be able to haul the

coal from the Twin Cities because plans for a proposed coal terminal there had to
be abandoned for environmental reasons.
The appearance of the sand terraces will change dramatically for yet another
reason.

Cheap water and high prices for corn and soybeans will enable farmers to

farm all sand areas by using overhead irrigation systems.
Time precludes further future gazing, but it is obvious that the river corridor
will change radically in the next 20 years.
Our challenge is to manage the resource in a manner which will provide the
greatest benefits for the most people in the long run.

The good news is that no

matter what mankind does, Old Man River will continue to roll inexorably to the sea.

·,I
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HABITAT DEVELOPMENT IN RIVER SYSTEMS:

THE WEAVER BOTTOMS AS A CASE STUDY

Calvin R. Fremling
Winona State University
Winona, Minnesota
55987

*

A summary of an illustrated oral presentation made at the U. S. Fish and
Wildlife Service Dredging and Disposal Workshop on April 9, 1980 in
St. Paul, MN.

There has been increasing concern in recent years about the environmental status
of much of the Upper Mississippi River and, in particular, the apparent deterioration
of sorre of its backwater areas.
stood.

The reasons for this deterioration were not well under-

Therefore, in 1975, the U.S. Army Corps of Engineers connnissioned Winona State

University and Saint Mary's College to cooperate in an investigation of the phenomenon.
The Weaver Bottoms area (River Mile 742.5 - 747.5) was selected as the major research site.

The area has historically been a major waterfowl habitat and is one of

the 100st heavily utilized waterfowl hunting areas on the Upper Mississippi River.

Since

1965, however, the area has been transformed from a productive marsh with a diversity of
habitats and species of plants and animals to a shallow, turbid, wind-swept, riverine
lake.

The degradation phenomenon is not limited to the Weaver Bottoms, but is apparent

in many similar areas along the Upper Mississippi River.

Therefore, the results of the

study may serve as a model for backwater management in other areas of the River.
The principal objectives of the study were to determine the causative factors for
the deterioration of the Weaver Bottoms as fish and wildlife habitat; to reconnnend specific rehabilitation procedures for the area; and to ascertain similarities between the
Weaver area and other critical areas of the Upper Mississippi River.
To accomplish these objectives, Winona State University and Saint Mary's College
initiated a comprehensive study of the research area.

Geological setting and recent

history of the area were investigated to determine historical changes.

Hydro graphic,

hydrologic, and sedimentological investigations were conducted to ascertain basin
characteristics, water import, water movement patterns, sediment distribution, and
sediment import and export.

Water chemistry, benthos, aquatic plants, fish and wildlife

were investigated to determine the status of the present ecosystem.

Finally, surveys

were conducted to identify similar areas in the Mississippi River backwater system from
St. Paul, Minnesota to Savanna, Illinois.
The Weaver Bottoms was originally a floodplain meadow which was interspersed with
patches of trees, marshes and small floodplain lakes.

Virtually all waterflow into the

area during normal flow came fr om the upland beca use a natural levee protected the
Bottoms from the flow of the Missis sippi River.
Many marshes whi ch flank the Miss is s ippi Rive r owe the ir exis tence to natural
levees which protect them from normal river flow.

Such levee s are formed when the river

spills over its banks during flood time, loses its capacity to carry sediment, and drop s
much of its suspended load along the channel borde r.

Prior to impoundment, the natural

l e vee which protec t e d the Weaver Bottoms rose as high as 10 fee t above no rmal rive r
l e vel.
1

The Weaver Bottoms was flooded in 1935 when Lock and Dam 5 was made operational.
Prior to inundation the floodplain forests in the pool area were cut, logs were removed, slash was burned, but rooted stumps werJ left in place .
For about 30 years after impoundrrent, the Bottoms consisted of extensive stands
of emergent vegetation which were punctuated by small patches of open water.

Stands

of the reed-like grass Phragmites were especially impressive, and duck hunters remember
them as being almost impenetrable by boat.

In addition to providing cover for puddle

ducks and duck hunters , the stands of Phragmites provided habitat diversity and cover
for panfish.

Although Phragmites did not provide significant amounts of food for fish

or wildlife, it decreased wave action and caused silt to settle out, thus allowing the
water to remain clear so that submerged aquatic plants could grow.

The submerged plants,

in tunl, were important foods for waterfowl, and they provided a substrate for the production of invertebrate animals which served as food for a variety of fishes.

Species

diversity was great because there was a diversity of habitats.
Because the normal river level in the Bottoms was elevated 8.2 feet by the 9-foot
channel project, the natural levee which formerly protected the bottoms was frequently
over-topped by the river and was ultimate ly breached at 16 points.

Mos t of the breaches

occurred on the outside of a bend in the main river channel, where water velocities were
greatest and where the river surface was highest.

The tendency for the river to flow

rapidly through the cuts was grea t because of the head differential which existed between the river and the marsh i nside the natural levee.
Concurrently, the Corps of Engineers piled dredge spoil on the remaining segments
of the natural levee as part of its regular channel maintenance procedures.

Much of

the sand spoil was secondarily moved by flood waters into the Bottoms via the side
channel openings, espec ially because the sand was placed on the outside of a river bend.
The sand transport process wa s enhanced by intense wave action created by large pleasure
craft and towboats.

Large areas of the Weaver marsh were thus covered by a blanket of

sand which effectively curtailed the production of aquatic plants and benthic organisms.
The cuts in the natural levee presently allow about one-third of the entire flow
of the Missi;:>sippi

River to flow through the Bottoms during s pring floods and ab o ut

onl.! - fourth to flo w through during normal llow.

Tilus, the .:irea which was formerly a

marsh became a riverine environmen t for much of the year .

Some portions of the Bottoms

were scoured so de e p that aquatic plants could not grow because sufficient light could
not pe ne trate to the bottom.

Light penetration was further cur tailed through the entire

marsh by sil t which flowed into the main river channe l from the agric ultural Zumb ro
River watershed.

The turbid

plun~

of the Zumbro hugged the Minnesota shore of the main

channel, flowed down West Newton Chute and entered the Bottoms through the previously
descr ibe d side channels.
2

Emergent aquatic vegetation, which was well-developed in 1940, declined gradually
until about 1965.

At about that time the emergent stands of vegetation began to dis-

appear at a greatly increased rate, and sport fishing and hunting success for puddle
ducks declined.

The reasons for the decline of emergent vegetation are many.

The once-

abundant grass Phragmites communis is a wet-land plant, but it cannot thrive and reproduce when submerged for prolonged periods.

Some small relict stands still exist in the

Bottoms, but most have succumbed during 40 years of inundation.

Phragmites will not

come back unless water levels are lowered or the bottom of the marsh is elevated.

Ice,

anchored to Phragmites stems and roots, reportedly ripped out some stands during spring
rises in river level.
It is evident that the Weaver Bottoms has had a complex sedimentation history.
Throughout most of the central Weaver Bottoms area there has been less than 1 ft. of
elevation change since 1930.

Some areas have been scoured, however, as much as 2 ft.

Along the main channel and in the lower end of the Weaver Bottoms, there has been up
to 6 ft. of deposition.

The Whitewater River has primarily been responsible for sedi-

ment deposited below its mouth.

Along the main channel, however, sand has been carried

into the Bottoms via the many side-channel inlets.
The lower half of the Weaver Bottoms experienced the greatest change in depth
following inundation.

The area was transformed from an infrequently submerged flood-

plain marsh where sedimentation was intermittent into a constantly submerged lake where
sedimentation is continuous.
According to sedimentation rates determined in this study and by other investigators, the Weaver Bottoms will be filled with sediment in about 70 years.

The esti-

mated rates did not include sand, however, and the life of the Bottoms could be much
less than 70 years if corrective measures are not initiated to stop the inflow of
dredge spoil through side-channel openings.
Except for sand, which is poor in nutrients and relatively barren of plant and
animal life, the sediments of the Bottoms contain moderate quantities of nutrients and
benthic organisms.

Productivity of benthos is not as high in the Bottoms as it is in

most eutrophic lakes or in soITE other river areas because nutrients, silt and organic
detritus are constantly placed in suspension by wave action and exported from the
ecosystem by river currents.
During the past 15 years, the Weaver Bottoms has been transformed from a highly
productive marsh with a considerable diversity of habitats and species of plants and
animals to a shallow, turbid, wind-swept, riverine lake.

Intensive management of the

Bottoms, especially for fish and wildlife, must primarily consist of managing the plant

3

conununity.

Biological productivity could be increased by (1) reducing the flow of the

river through the area, (2) increasing light penetration by reducing turbidity, (3) reducing sand flow into the area, (4) decreasing wave action, and (5) increasing diversity of habitat.
To accomplish the above, the study team concluded that the Weaver Bottoms could
probably be rehabilitated by:

(1) partially occluding Murphy's Cut with a notched

closing dam to reduce excessive water and sediment influx,

(2)

stabilizing Botsford's

Cut, the cut innnediately downstream from Botsford's, and the Old Mouth of the Zumbro
cut, with riprap,
sand, and (4)
Bottoms.

(3)

filling the remainder of the Weaver side channels with dredged

constructing a wave barrier projecting into the lower end of the Weaver

The team suggested that such modifications would result in a general in-

crease in water clarity which would make the area more conducive to aquatic plant
growth.

The reduction in water and sediment inflow would also promote plant growth

which in turn would ·create better habitat for game fish and puddle ducks.

In parti-

cular, the modifications would result in an increase in the amount of ecotone or edge
habitat similar to that which prevailed in the area until the late 1960's.
The Great River Environmental Action Team (GREAT) decided that the results and
recommendations of the Weaver study appeared sound and warranted further study.

In

particular, the team felt that a thorough engineering assessment was necessary to predict the hydraulic effects of the recommended remedial measures.

It was also recom-

mended that the area on the Wisconsin side of the main channel opposite the Weaver
Bottoms, known as the Belvidere Slough - Lost Island area, be studied to determine its
environmental status, inasmuch as the area could be affected by rehabilitative measures
in Weaver.

In 1977, the GREAT IIEmbers authorized a contract to Winona State University

and St. Mary's College to complete the necessary engineering and followup environmental
studies.
Detailed historical, hydrographic, hydrologic, sedimentological, chemical, benthological and vegetational studies were completed in 1978.
An engineering study was subcontracted to D. B. Simons and Y. H. Chen at Colorado
State

Univer~ity.

They utilized field data supplied by Winona State - St. Mary's

personnel to determine:
stages,

(2)

(1)

the effect of side-channel closures on local flood

the effect of side-channel closures and modifications of Murphy's Cut on

general flow patterns in the Weaver - Belvidere area,

(3)

what effects physical modi-

fications in Weaver would have on sediment transport rates in all unmodified side
channels entering the Weaver - Belvidere area,
opening Old John's Ditch, and

(5)

(4)

the engineering soundness of re-

the hydraulic effects of building wave-control

structures in the Weaver Bottoms.
4

The <!ng1nL'l! ring s tudy found that c losing som." side channels and partially

occluding the remainder on the Weaver side of the main channel would result in significant reductions in water and sediment inflow as well as reducing flow velocities
in the Weaver Bottoms.

Annual water and sediment inflow would be reduced by about

66% and 90% respectively.

On the opposite side of the river, water inflow to the

Belvidere area would increase to a maximum of about 5% during flows in excess of
80,000 cfs.

During very high flows, however, the Weaver levee and modified side

channels would be mostly overtopped, thus eliminating the possibility of significant
flood-stage increases due to the side-channel modifications.

The sediment load enter-

ing the Belvidere area would be reduced from 41,000 to 33,000 tons/yr immediately after
completion of the modifications and would gradually increase to the original rate when
the system approaches a new equilibrium.

The main channel would carry the additional

sediment load that fprmerly was carried into the Weaver Bottoms.

The improved hy-

draulic efficiency of the main channel would also reduce the dredging requirement by
about 25%.
If the proposals reconunended by the study team were realized, flood stages in the
Belvidere area could increase about 0.3 ft.

According to Wisconsin law, however, any

action in the floodplain which will increase flood stages is illegal.

Thus, the entire

project is now in limbo .
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